Electronic properties of pentaorgano [60]fullerenes under an external electric field were studied using the density functional theory combined with the effective screening medium method. The pentaorgano
Fullerenes are known for representative nanoscale carbon allotropes with hollowcage structures 1, 2) which have an infinite number of possible cage topologies, C 2n (n rages from 10 to ∞ except 22 2) ), because of the huge number of possible arrangements of 12 pentagonal rings and the appropriate number of hexagonal rings in accordance with Euler's theorem. 2, 3) The detailed electronic structures of fullerenes strongly depend on the cage size and symmetry. [4] [5] [6] [7] [8] [9] [10] [11] Furthermore, 12 pentagonal rings embedded into the sp 2 hexagonal network cause the unique and common electronic structures in their lower unoccupied states. 8) Fullerenes usually possesses the deep lowest unoccupied (LU) state compared with the other carbon allotropes and hydrocarbon molecules, making the fullerenes electron accepters in the hybrid structures with foreign atoms and molecules.
The facts indicate that the fullerenes can be constituents for a variety of electronic and energy devices.
In addition to the pristine fullerenes, the hollow-cage structure with nanometer diameter allows us to synthesize further derivatives of which electronic structure not seen in the pristine fullerene. Due to the moderate chemical reactivity arising from the large curvature, fullerenes can form the various derivatives by attaching atoms [12] [13] [14] [15] or functional groups [16] [17] [18] [19] [20] [21] [22] [23] onto their covalent network. Functionalized fullerenes are known for possessing unusual electronic structure, which is totally different from that of the pristine fullerenes, making them constituent materials for the optical, optoelectronic, magnetic, and photovoltaic devises. In our previous work, a pentaorgano [60]fullerene possesses S = 1/2 magnetic moment owing to an isolated pentagonal π electron network surrounded by the functional groups. 20) As the case of pristine [60]fullerene, the pentaorgano [60]fullerene also possesses the deep LU state so that they are applicable for the electron accepters of organic thin film devices with high efficiency. 16, 17) Although the experiments have steadily advanced the devices application of the functionalized fullerenes, a little is known for the fundamental mechanism of the electron accumulation into them in the device structures. Therefore, in the present work, we aim to investigate the electronic properties of pentamethyl All of the calculations were performed using the density functional theory (DFT) 24, 25) with the STATE package. 26) To express the exchange correlation potential among the interacting electrons, the local density approximation is applied with the Perdew-Wang functional form fitting to the Quantum Monte Carlo results on the homogeneous electron gas. 27, 28) We use an ultrasoft pseudopotential to describe the interactions between the valence electrons and the ions generated by the Vanderbilt scheme. tive to the functional groups and molecular arrangement. During the calculations under the conditions with a finite electric field, the geometries were kept the same as those with a zero electric field. that the accumulated carriers are localized on the C 5 ring and five attached functional groups under the tail-to-head arrangement for both electron and hole doping. In contrast, the accumulated carriers are distributed on both the top of the bowl and C 5 rings under the head-to-tail arrangement, indicating that the accumulated carrier exhibits extended nature compared with the case under the tail-to-head arrangement. Furthermore, at the bowl region under the head-to-tail arrangement, the carrier density also depends on the functionalized group and injected carrier species: The carrier density at the bowl region of C 60 (Me) 5 is higher than that of C 60 (Ph) 5 . The density for the electron doping is smaller than that for the hole doping. The extended nature of the accumulated carrier for the head-to-tail arrangement is ascribed to the singly occupied state at the Fermi level, which can accommodate both a hole or electron, even thought the moiety is well separated from the electrode. These facts indicate that the carrier accumulation by the electric field is sensitive to the molecular arrangements with respect to the electrode, carrier species, and functional groups. Note that the intermolecular arrangement
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